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Abstrakt. Taking into consideration the fact that the conedrgroup preferences system is the
most common way for making an objective choice, fandsing on the established minimum
value according to Kendall's coefficient of concande, a multistep procedure of consistent
marginal opinions rejection has been developed, reshtbe theory of pattern recognition

methods serves as their identification. The appbcaof the procedure is illustrated on the
example of construction of group preferences syfterthe set of typical traits of misbehavior
of certain group of students.
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Introduction. Contemporary management of an object is perforbned set of successive
functions [1; 2]: forecasting — planning — assestnoé the situation — decisions making (DM) —
decisions performing — control and accounting. Amtmre enumerated management functions DM
occupies a special role since it is more genemliban the other management functions. Every
management function can be represented as a cbhaqudnce) of solutions, which falls into
generalization. Therefore, DM can be observedtgpiaal problem, which should be solved during
various management functions realization. At thenesatime special attention to the expert
procedures (EP) should be attracted, as they arebdlsis of contemporary intelligent systems
decisions support [3; 4]. Taking the above intosidaration, the task of EP improving, especially
in the case of group decisions formulation, whighrightly considered to be more objective and
reasonable than individual [5 — 7], should be abmsd as actual.

Analysis of researches and publicationssroup decisions making strategies according to the
results of researches [1, 3 — 7] are: 1) a marenitgj2) summing up and ranks averaging; 3) those
that are based on classical criterion of DM (W&8dyage, Bayes—Laplac, Hurwitz, etc.); 4) optimal
forecasting. The first and the third among thempliad in the classic Savage criterion, are
“traditionally” to be considered as democratic, dese they minimize the deviation of both
minority and majority experts opinions involvedtie examination. The second strategy requires
determination of the opinion concordance degree;alee the generalization can average
contradictory poll results. The fourth strategyaually focused on the application of the second,
so it has not reached wide extension [8].

The simplest way of DM is the detection of indivadland based on them - group preference
system (PS). Thus, under the PS we will understarnydform of ordering (in the context of the
publication from the most significant to the leasit)nvestigated alternatives [5; 8 — 10]. Andhét
group PS (GPS) is formed, the DM is trivial becausgally the best alternative with rank No.1
should be chosen, if it is impossible, in the cafsany force majeure circumstances, then with rank
No.2, and so on. So, if GPS is indeed formed, iiteisessary to determine its concordance with the
degree, which is usually performed with multiplekacorrelation coefficient (the coefficient of
concordance according to Kendall) [1; 3; 4; 6 = 16]
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S=i(§ rj —Tj ; ®)

i=1\ j=1

rij is the rank which was assigned jbth expert (j :1,_m) to i-th (i :1,_n) alternative in individual
PS; i is group average rankieth alternative:

r =

S
=1

Dt 3)

R is quantity of the same ranks, provided by eathstudent typical traits of misbehavior (TTM)
that is analyzed:

R=2(¢' 1) @

Concordance coefficient varies withiW = [0, 1]. Its high value indicates a high level of
concordance of experts’ opinions in GPS. HoweJee, more professionals are involved in the
examination, and the more investigated alternataresordered by them, the greater variability of
opinions will be observed and it will inevitably e an influence on the absolute value of the
concordance coefficient. Therefore, the receivegiecal value of the concordance coefficiéfitis
considered to be statistically reliable, and GR®i&erted, if the condition is fulfilled [1; 3; 8;— 16]:

12S

X(zemp = 1 > Xé;k’ (5)
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where xZ,, is a theoretical value of the variable “xi-squavéth k = m— 1 degrees of freedom on

the permitted level (significance) which is determined from the special table [13].
On the other hand, a criterion restriction on thecdute value of W is also imposed:

W=0,7...,0,8 (6)

So, GPS is considered to be concerted under baitliteans fulfillment (5), (6).

As follows from expressions (1) — (5), in the preg@f GPS construction and assessment of
the degree of its concordance the contradictoryiops can really be generalized, that certainly
will have an influence on the values determinecekgressions (1), (5), (6). From the analysis of
scientific sources [1; 3; 4; 7; 9; 11; 12; 15; itGpllows that the determination of experts’ mauaji
opinions usually occurs with methods used in idmatiion of regular errors of technical
measurements [17; 18], which is methodologicallgomect. At least for the reason, that the
comparative qualitative (PS ranks) rather than tisive assessments are inherent in human
thinking [5; 19].

Formulation of the task of the investigation.It is necessary to realize the development and
implementation of procedures (if it is necessamuttistep) of nonparametric detection of marginal
experts’ opinions for obtaining GPS, the charasties of which would satisfy the conditions (5)). (6

Development and realization of multistep proceduregor obtaining statistically reliable
GPS of experts.All the methods, technologies, and procedures dgeel in this work, will be
illustrated by the construction of students GPStlan set of TTM. Such choice is explained as
follows. First, any classroom always has a “blackep” whose behavior significantly differs from
the conventional in particular educational sociahd prevents the teacher from performing his
professional duties. Second, diagnostics and daoreof misbehavior of young pilots is recognized
by International Civil Aviation Organization (ICA@)s one of proactive measures of preventing the
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negative impact of human factor on flight safetythis respect one of ICAO Manuals contains a
list of the most common types of misbehavior, thedicators and appropriate antidotes [20]. For
the realization of investigations an enhanced aondencomplete list of TTM was formed, which
characterizes false behavior (table 1) more corelyleind comprehensively. Third, one of the
expected positives from Ukraine’s joining to theld®ma agreements is “the increase of motivation
for studying and classes attending” [21], the contd which also shows public understanding of
misbehavior problems (table 1).

Table 1
Set of typical traits of misbehavior of students dting the studying process
Mark of
the trait, Description of typical traits of misbehavior

H;

1 2

H; Misses classes without excuse

H, Considers, that everything is wrong: criticizes ¢deication system, equipment and
everything he sees

H; Disobligingly disposed, captious, always readyuarcel and provokes it

H, Extremely persistent, seeks at whatever cost, avéiends’ cost to fulfill orders,
supremely selfish

Hs Time waster, chatterbox, works lazily and slowly

He Timid, afraid of his friends and teachers, worlanal, as a rule does not ask for help
and does not aspire to success

H; Disinterested, always inattentive and quick

H Knows everything, sees little benefit from the tass the teacher for his own,

8 " ) : R .

considers that his system of training is bettei& talker and chatty

Hy Slow, it is always lack of time for him to finishé assignment, but he always

accomplishes what is necessary
Hy Doesn’t approve of group work

Hi Avoids work at the lessons

Hy, Doesn’t perform instructions and does everythingismown way
His3 Makes no attempt to help friends or teachers
Hy Irresponsible, careless, negligent in use of egamgnuntidy, tactless

112

His Abs_ent-r_nin;le_d, his thoughts are always focusedmdtiie subject of study, confuses th
reality with fiction

Hie Impulsive, aspires to get result as soon as pessibesn’t fall to thinking about its
correctness

Hy; Non-independent, bows to the wishes of fellows

Hg Systematically comes late for classes

Hig Does not do homework

Hy Doesn't attend general events of an institutiofaoulty

Hy Overdues books to the library

Given 179 students — managers, who built indiviquraferences on the set with the help of
pair wise comparison and such method of preferetiesction as a part of total intensity, built on a
set of individual preferences on the list of TTMHhfe 2), were involved in the investigation. Their
generalization with the help of such group decisistrategy as summing up and averaging ranks
made possible to get such GPS:
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Hg~~H;{~H4,~H,~H 19~H 15-H 156 H 11 H 1 H g H ;5
g g g g g g g g g g g (7)
Hig>Hi4+H10~H 13H 17 H g~H g~ H og~H ,p>~H 53
g g g g g g g g g g

where ~ denotes group preference ofithietrait before thé-th.
g

According to formula (1) such empirical values ohcordance coefficient is calculated:
12[5508002,5

= = 247
17¢ (2% - 23- 179110350
Table 2
Individual preferences system of students of the gup in the number ofm=172 people (fragment)
Student-respondeit . _ !

Hi 1 2 3 7 28 44 9] M " "

1 2 3 4 5 29 45 173 174 17 176
Hy 10 20 15 7,5 16 18 6 135] 7,80 D
H, 18,5 13,5 6 1 16 4 1 1434 8,34 B
Hs 1 10 10 2,5 7 14,5 2 1004 5,84 L
Hai 2 13,5 15 2,5 18 2 9,5 1448 83p 4
Hs 18,5 10 17 45 11,5 5 95| 22075 12,83 n8
Hs 5 6,5 18 75 14 9,5 17| 20245 1137 17
Hy 15,5 2,5 14 7,5 9,5 18 11 20145 1169 5
Hs 15,5 6,5 20,5 45 9,5 16 3 17135 996 o
Hy 12,5 45 20,5 21 21 21 15| 27945 16p5 19
Hig 3 16,5 3,5 7,5 6 18 8 2003[5 11,45 13
Hu 12,5 45 10 14 4 6,5 6 163 9,48 3
Hy 8 1 12 11 15 12 4 148355 8,68 5
Hi 5 13,5 16 10 115 9,5 139 20115 1169 |16
Hua 11 16,5 15 12 4 12 21| 20055 11,646 14
His 8 18,5 19 16 8 14,5 16| 19705 1146 |2
Hie 8 18,5 13 14 13 6,5 6 162 9,47 7
Hyy 5 21 3,5 14 16 1 185 185 1049 11
Hig 20 10 7,5 20 4 3 13,5 16925 9,88 0
Hig 17 13,5 10 17 15 20 12| 14995 87 6
Hao 14 8 7,5 18,5 19 8 185 294 1743 %0
Ho 21 25 5 18,5 20 12 20 3016 1743 21
L 121 179 104 114 83 141 79
L 0,68 1 058 | 064 0,46 0,79 0,44

it indicates a determined general concordanceunfesits’ opinions concerning the significance and
importance of TTM students in GPS (7). Herewitehibuld be mentioned that the large amount of
sample fn = 179) and a great number of TThl £ 21) resulted in significant variability of opams
that had an impact on the value of the concordaedficient. To become finally sure of the
calculated value W reliability, it is necessarycteeck the appropriate statistical hypothesis, ngmel
to see whether the condition (5) is fulfilled. Henc

12[550800?'5 =804,3> X2, 0.020s= 45,31
1790 21+ 302 ——— 10350

(21-1

it reflected a statistically reliable concordané&®S (7). However, the criterion (6) is not fu#i:
W, .0 =0,2247« 0,7 that is why special procedures of deprivation @rgmal opinions should

be used, the occurrence of which has to be expmlafirst, by the uniqueness of personal working
or studying experience in a particular higher etiooaestablishment (HEE); second, by the lack of
awareness of experts in the application of the @geg methods to identifying their opinions; third,
by the high variability of opinions due to suffiniéy large number of TTM; fourth, by the impact of
external and internal factors of the objective anthjective nature, stochastic and not stochastic

2 —
Xemp -
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nature; and, finally, fifth, by avoidance of centatudents of the true expression of opinions based
on fears of possible social punishment. That is séwen respondents have given 1-2 placésgo

1 H»1, that are either obvious lapses or less obviousemse, because such a behavior despite the
evidence of misbehavior, does not prevent the wyath the great extent from effective
implementation of the teaching and educational ggs TEP). Having deleted those opinions, we
already get such PS in the graup= 172 (of tested students (whose poll is represkeint table 2):

H ~ H ~ H ~ H ~ H ~ H ~ H A~
$miize tmiir2 2 mia7e w172 PP om o172 17 m 172 1% In o172 : (8)
>~ H >~ H >~ H >~ H >~ H >~ H >~ H >~

mo172 Yt mla72 Y8 172 8 o172 YT o4 e YOmlire Y a7z 10 W oavd
~ H ~ H ~ H ~ H ~ H ~ H ~ H

mo172 B mia72 T omo172 & w172 % o o172% S 17220 Imo 17221

where >i72 is a mark of the preference-ah of TTM compared t¢-th one in the group ah=172
me

students.

Empirical value of Kendall's concordance coeffidiéor the group PS (8), that equals to the
quantity W, _,., =0,237€ and is considerably greater than previous valye6(Po), is statistically

reliable, becausg?, =819,724> X’ ,04-020= 45,31 However, the requirement (6) isn't fulfilled

again. Thus, considering the given and experieficesearches [8; 22], it is necessary to develop
and realize methods of increase in uniformity oinams of experts and deprivation of marginal

results. The attractiveness of this approach, winckonsidered in the specified works, is the
establishment of competence of experts in theituatimn of objects, namely, on the impact on

group opinion. So, such an influence of judgmerftshe certain additional expert on a group

assessment is considered normal, when the deviafiannew group assessment differs from the
previous one in 5-10 %. Such an influence is camnsii for the justification of size of the group. In

the same time it is accepted that:

1,05sC< 110, ifb>7q, ;

o (9)
0,90<sC< 0,95, if b<3g,

where

c=m (10)
a,

a, — arithmetic mean assessment of the group comgistim persons;a.,, — arithmetic mean

assessment of the group consistingnet{) personsb — assessment aing1)'s expert, which can be
theoretically involved in group work.
It is understandable that

C=1 whena =b;
C>1 when g >b; (11)
C<1 when g <b.

These considerations are concerning the analysgpdrt assessments on specific indicators
which are examined, as well as for already obtaimector (integral) performance evaluation.
Besides, it refers to the quantity evaluation othods, in spite of the fact that methods of quality
are the most inherent for human thinking, includbognparative rank evaluation. Hence, in general
case it is necessary to identify the methods andgaiures of identification of the competency of
experts on a set of indicators that are evalualdeé. possibility of applying methods of pattern
recognition theory to determine the competencepérs follows from the analysis of papers [23 } 27
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Let us introduce the concept of risk recognitioms-the mathematical expectation value of
information loss from mistaken recognition/non-rgition of competent/not competent experts:

|
r(d) = jZL[i K =0(X)P(i)p(x/ i)d)ﬂ, (12)
X i=1
where X — the area of signals (evaluation characteristics provided by expertgh® studied
objects);i = 1, 2, ...,/ — numbers of classes of assessménts], 2, ...,K — numbers of recognition
variantsd(x); L(i, k) — information loss while assessmenti alass ask class;P(i) — known as a
priori probabilities of classegfx/i) — known as a priori density pfobability of each class.

So, it goes about determination of the distancéwd®n points in the space of images. And
belonging of the given implementation to one orthaeo class is determined by the distance
between the reference point and the one that wasitted for classification. Implementations that
belong to one class create a compact exrdlae space of system parameters. The followidgxns
used in the capacity of generalized distance:

L=3]x-x] i=1n, (13)

wherei —the number of indications, — numerical quantity of indication; x” — numerical quantity

of i indication for reference expert.
The quantityL can be standardized in such way

L =—1 (14)

which makes its analysis more convenient. Thensidaening (9), let's introduce the standard of
determining the admissibility of examinees’ opirson

L <11, (15)
Where[D — mean error:
4 ]
o ]Z:lLi
=2 (16)

The approach has been adapted to determine thedemmity of expert opinion in the
educational, economic and technical fields of redef8; 22; 23; 28 — 31]. And if for any sample of
experts we identify those with marginal opinions@ding to the formulas (13) — (16), calculate the
Kendall’s coefficient of concordance, getting rifl them (opinions), and check it for statistical
reliability, then, these procedures should be gaiguiteratively, repeated for each new reduced
according to the criterion (15) selection, unti¢ ttondition (6) is fulfilled. The above corresponds
to the algorithm which is presented in fig. 1. 8pplying procedures (13) — (16) to individual PS
(m=172) of students, we obtain the following tramsfation of these formulas:

n=21

L, = Z ‘rij - ‘; (17)

LY = J (18)
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A

No

Analysis of statistically
concerted and reliable
group preference system

v

END

Fig. 1. Multistep iterative algorithm for detectiaggroup preferences system of students
on the set of typical traits of misbehavior

The results of calculations according to formulag)( (18) are presented in the penultimate

and last line of the table 2. They show tIEgt: 0,57. Then, the standard (15) of the admissibility
of opinions of respondents will have the followiimgm:

L7 <1,100,575%= 0,6° (19)

Figure 2 shows a histogram that gives a visualessmtation of the distribution of the
normalized deviations of opinions of students abihgt significance of TTM from mean group
opinion.

According to the results of calculations that weoaducted, it was found that the number of
students with marginal thoughtsns.aq= 66 people. That is why they were excluded fromthter
consideration. And fom = 106 students who remained, all previous treatsnesere repeated. The
calculated empirical coefficient of concordance tbrs reduced sample does not satisfy the
requirement (6)Wn, =106= 0,4292 < 0,7, so iterative procedure of identifymgre homogeneous
opinions about the significance TTM for studentsastinuing. Column 2, 3 in table 3 give a visual
representation of the dynamics of the algorithnt th@resented in fig. 1. Thus, the original sample
of examinee is reduced t@ = 36 people, whose opinions about the significapicd TM when
generalizing create statistically reliable group &cordance of which satisfies condition (8):
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Hy - H, ~H,>~H,>~H_ ,>H, >H ;>Hgg~H,~H
Sm=36 Tme36 P36 236 rm 36 19 m36 Bm36 Sma3 ‘ma3 ©mae (20)
Hy>~H;>~H, ~H . ~H,>~H>~H/ ,;~H ~H  >~H, ,~H
m=36 Cne36 B e36 ‘36 °m36 °m36 °m36 L m36 dm36 Oma3e “Yanze A

where >~ is a denotation of preference of one of ti&Tover another in the generalized

m=36
opinions of students of the main group.
45 n Unacceptablethought;
40 f----mmmmmm e T T T

I nnE e EE [ B SEEEEEPTEEEE
30 f----mmmmmmmeee | oo
25 f---mmmmeeee— || | -
20+------ | | I | F------
s+ 1 | |l | |------1
10 +--- S
51 o]
0

02 03 04 05 06 07 08 09 1
Normalized deviation of views
Fig. 2. The histogram of distribution of the normatl deviation of students’ opinions about the ificgnce
of the set of typical misbehavior in comparisontwilte mean group opinion
Table 3

The dynamics of multistep procedures for identifyirg students’ marginal opinions about the
significance of the misbehavior traits

The main group The marginalized group
Iterationg Number, Coefficient of XZ Number, Coefficient of X2
m concordance W emp m concordance W emp
1 2 3 4 5 6 7
I 172 0,2383 819,724 136 0,1803 490,414
II 106 0,4281 907,624 97 0,3030 587,48
0 57 0,6550 746,724 71 0,3920 556,695
v 36 0,7988 575,132 51 0,4833 492,946
V - - - 34 0,5532 376,154
VI - - - 26 0,6102 317,316
VII - - - 20 0,6567 262,661
VIII - - - 15 0,6924 207,712
IX - - - 8 0,7786 124,571
NOTE: terms of reliability of concordance coeffisteX 2, 3> X fapie = X 20: 0,206 = 45,31

In this case (see table 3) 136 students’ opinioesevassigned to marginal at the beginning.
Applying the same procedures to them which areigeal by the algorithm in fig. 1, there have
been nine consecutive iterations consistently hetdch helped to reduce the specified sample of
marginal-students up tomm = 8 persons. And it is specially for them statisticaitliable GPS is
obtained that satisfies condition (8):

H4>-H3>-H14>-H17>-H13>-H8>-H2>-

m=8 m=8 m 8 m 8 #m 8
~ H6 ~ H16 > Hlo ~ H12>- H7 ~ H15 ~ H5 >, (21)
m=8 m=8 m 8 m 8 m 8 m 8 #m 8 =m

~Hy ~ H1 > Hwg >~ Hig ~ Hog ~ Hog >~ H
m=8 1m:811 19n€|818|?r182015t8 9m:8 21
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where >~ is a denotation of group preference in tA@Pmarginal-students.
m=8
Figure 3 visualizes representation of a match/nécimaf students’ opinions of basic and

marginal groups on the significance of TTM. And cginthe received empirical value of the
Spearman’s rank correlation coeficieRg = 0,187 is not statistically reliable, then it godmuat
different GPS, in which coincidence of opinionsngeamess or proximity of values of ranks of TTM)
is accidental and no coincidence — is regulaththsame time clarification of the question, which
one is "correct", is possible only after their campon with the group PS of instructors. Obtaining
statistically probable GPS of students of the m@@) and marginal (21) groups opens new
perspectives for the application of classical DMecia for the assessment of the risks in decisions
on the final PS.

21
20 #
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1 \"\ =_==== gtudent:opinion olthe marginal groL

Hi Hz Hs Hs Hs He H; Hs He Hio Hu Hi Hizs Hu His His Hiz Hig Hio Hao Hz
Typical traits of misbehavior

Fig. 3. Comparison of generalized preferencesunfesits of basic and marginal groups
on the set of typical traits of misbehavior

Conclusions.Summing up the obtained and presented in thislaniew research results, the
following most significant positions should be rahte

1. The procedure of nonparametric marginal detectioexpert opinions, which is based on
the methods of pattern recognition theory, has bimreloped. The procedure underlies in the
multistep procedure of obtaining of statisticalgliable GPS of experts, the concordance of which
meets the criteria value of the Kendall's concomdacoefficient.

2. The application of the procedure is illustratedtib@ example of the students GPS on the
set of TTM. It has been found that their initiairgde ofm = 172 students should be reduced to the
guantitative composition ah = 36 persons. Amongn = 136, which were conventionally referred
to marginals, through the implementation of ninecessive iterative procedures it was found that
there are onlynmag= 8 persons with statistically concerted GPS. Indhwme time, the found GPSs
do not coinside, since Spearman rank correlatiatigpot has a small absolute valueRgf= 0,187
and is not statistically reliable.

3. Further studies on the improvement of EP shouldnbée in the areas of application of
classical DM criteria for nonparametric detectiérS of experts.
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B. B. Kamumuun

Peanizanis 0araTtokpokoBoi mnpoueaypu (OpMYBAHHSI CTATHCTHYHO-Y3rO:K€HOI TI'pPynoOBOi
CHCTEMH NepeBar

VYpaxoByoun Te, L0 y3rOJDKEHa TpYNoOBa CHCTEMa IepeBar — e HaWOUIbII PO3MOBCIOIKCHHUN
croci® 3aiicHeHHs 00’ €KTMBHOTO BHOOpPY, Ta OPIEHTYIOUHCh Ha BCTAHOBJICHE MIiHIMAJIbHO-
HeoOXigHEe KpuTepiasibHe 3HaueHHs KoedimieHta KoHkopraamii 3a Kenpmamom, pospo6GieHo
0araTOKpoOKOBY MpOLEAYPY MOCTIOBHOIO BiJIKMJaHHS MapriHAIbHUX JIYMOK, BUSIBJICHHS SIKUX
BiIOYBA€THCS 3a JOMOMOTOI0 METOJIB Teopii po3mizHaBaHHs oOpa3iB. [IpukiamoM 3acTocyBaHHS
nporenypu € moOyaoBa TPYMOBOi CHCTEMH IepeBar CTYACHTIB Ha MHOXHHI XapaKTEpPHUX PHC
HEIUCIAILIIHOBAHOCTI.

B. B. Kambimmn

Peanusanua MHOromaropoil mpoueaypbl (opMHpPOBAaHHMSA CTATHCTHYECKH COIVIACOBAHHOM
rPYyNIoBOil CHCTEMBbI NPeANnoYTeHU

VYuuteiBasi, YTO COIVIACOBaHHAs TPYIIOBas CUCTEMa MpPEANOYTeHMH — 3T0  Hambomee
PacHpOCTpaHEHHBIN COCO0 MPOBENEHUS] OOBEKTUBHOIO BBIOOPA, M, OPUEHTUPYSICh HA YCTAHOBJIEHHOE
MHHUMaJIbHO-HEOOXOMMOE KPUTEpHAIbHOE 3HaueHue Kod(dduimenra koHkopaaumu no Kennamry,
pa3paboTaHa MHOTOIIAroBasi MpoIeaypa MOCIeNOBATEIbHOIO OTOPAChIBAHUS MaprUHAIBHBIX
MHEHMH, BBIBICHHE KOTOPBIX OCYLIECTBISETCS METOAAMU TEOPUM paClO3HAaBaHUS 00pa30B.
IIpuMepoM mpuMEHEHUS NPOLEAYPHI SBIAETCA IMOCTPOCHUE TI'PYNIIOBOM CUCTEMBI IPEANOYTCHUN
CTYJIEHTOB Ha MHOXKECTBE XAPAKTEPHBIX YePT HEAUCLIUIUIMHUPOBAHHOCTH.



